Despite intense interest in mate choice, relatively little is known about how individuals sample prospective mates. Indeed, a key issue is whether females sample males or simply mate with the first male encountered. We investigated mate sampling by female barking treefrogs (Hyla gratiosa). Females choosing mates in natural choruses did not move between males but instead mated with the first male they approached closely. Most females mated with the male closest to them at the start of their mate-choice process, and females were more likely to mate with the closest male when the distance to other males was large. These observations are consistent with the hypothesis that females do not sample potential mates but instead mate with the first male they distinguish from the rest of the chorus. To test this initial detection hypothesis, we conducted a playback experiment in which we offered females a choice between two calls, one of which was detectable above the background chorus sound at the female's release point, and one of which became detectable only as females moved toward the initially detectable call. Females did not prefer the initially detectable call, thus ruling out the initial detection hypothesis and implicating sampling of potential mates by females. Based on the behavior of females in natural choruses, we hypothesize that females approach the chorus, move to locations where they are able to detect the calls of several males simultaneously, and choose a mate from among these males at some distance from the males. Such simultaneous sampling may be common in lekking and chorusing species, which have been the subjects of many studies of sexual selection.
M ost theoretical and empirical work on mate choice has focused on determining which traits influence mate choice and on understanding the evolution of mate choice (reviewed by Andersson, 1994) . There is growing interest, however, in mate-sampling behavior: how individuals gather information about potential mates and make decisions based on that information (reviewed by Gibson and Langen, 1996; Jennions and Petrie, 1997) . Knowledge about mate-sampling behavior is critical to our understanding of mate choice for several reasons. First, the outcomes of coevolutionary models of male traits and female preferences are influenced by the sampling tactic assumed for females (Pomiankowski, 1987; Seger, 1985) . Second, it may be difficult to determine whether mate choice in nature is based on particular male traits unless we know the extent and duration of sampling (Gibson, 1996; Morris, 1989) . Third, the proper design of mate-choice experiments requires a knowledge of sampling behavior, including the number of mates normally assessed by females and the spatial relationships of sampled males.
The importance of studies of mate-sampling also extends beyond the field of sexual selection. The extent of sampling is influenced by cognitive factors such as expectations of the distribution of male quality (Dombrovsky and Perrin, 1995; Real, 1990) , perceptual abilities, and memory limitations. Sampling is also affected by economic factors (Real, 1990 ) such as energy expenditure (Milinski and Bakker, 1992) , time available for sampling (Alatalo et al., 1988; Real, 1990; Sullivan, 1994) , perceived risk of predation (e.g., Berglund, 1993; Hedrick and Dill, 1993) , and loss of mating opportunities (Real, 1990) . Therefore, studies that determine how females balance the costs and benefits of mate sampling will provide us with an understanding of the mechanisms animals use to solve complex tasks.
The simplest sampling tactic is for females to mate with the first male encountered (i.e., to sample only a single male; Janetos, 1980) . Alternatively, females may use any one of a variety of sampling tactics. For example, females may adopt a threshold-criterion tactic, mating with the first male that exceeds some threshold ( Janetos, 1980; Real, 1990; Wittenberger, 1983 ). Females could also use a relative comparison tactic, in which they sample a number of males before choosing the male of highest quality from among those sampled (Downhower and Lank, 1994) . Females adopting this type of tactic might sample males sequentially and compare only the last n males (e.g., the last two males; Brown, 1981; Choudhury and Black, 1993; Wittenberger, 1983) , or they might assess n males sequentially (or assess males for a fixed amount of time) and then return to mate with the highest quality male from among those previously sampled (i.e., a best-of-n tactic; Janetos, 1980; Real, 1990) . Recent theoretical work has refined the predictions that can be used to distinguish between sampling tactics (Wiegmann et al., 1996) , and models have been developed that incorporate uncertainty in male signals and the ability of females to update information about the distribution of male traits in a population (Dombrovsky and Perrin, 1994; Luttbeg, 1996; Mazalov et al., 1996) .
A number of studies have sought to determine which matesampling tactics females use, but the results have often been ambiguous (Gibson and Langen, 1996; Jennions and Petrie, 1997; Reid and Stamps, 1997; Wiegmann et al., 1996) . This difficulty arises in part because observations of mate-sampling behavior alone may be insufficient to distinguish among possible tactics. Because different models may make the same predictions about the behavior of females under natural conditions (see Wiegmann et al., 1996) , experiments are often required to distinguish among alternatives.
In this article, we first present observations of mate-sam-pling of female barking treefrogs (Hyla gratiosa) in natural choruses. These observations suggest that females use a very simple tactic to choose mates. We then present the results of playback experiments that test and refute this hypothesis. We suggest a more complex sampling tactic that is consistent with the behavior of females in natural choruses.
Study site and species
Male H. gratiosa typically call from ponds that are 0.5-2 m deep and 20-50 m diam. Chorusing occurs on nearly every night from late April until mid-August, with mating females present on 75-95% of these nights. Shortly after sunset, males begin arriving at breeding ponds from the surrounding forest, with most males arriving within a 40-min period (Murphy, 1999) . Choruses last 3-4 h, with individual males calling for an average of 2.5 h; males return to the forest once they finish calling for the night. Males float on the surface of the water and produce advertisement calls consisting of a short (170 ms) burst of sound with two or three spectral peaks, the fundamental and one or two of the upper harmonics (Gerhardt, 1981; Oldham and Gerhardt, 1975) . In the population we studied, the average fundamental frequency is 470 Hz (range: 410-550), and males produce an average of 55 calls per min (range: 42-66 calls/min) (Murphy and Gerhardt, 1996) . Females arrive at the pond later than males, but there is considerable overlap in the distribution of arrival times of the two sexes (Murphy, 1999) . Females choose mates without interference from males, which rarely exhibit satellite behavior, do not search actively for females, and do not displace other males from amplexus (Murphy, 1992) . Males do not defend resources of value to females, and females do not have the opportunity to copy the mate choice of others. Once oviposition is completed, both members of mated pairs return to the forest. Neither sex provides parental care.
Mate sampling in natural choruses

Methods
We conducted observations of the mate-sampling behavior of female H. gratiosa in natural choruses during two consecutive seasons at two different ponds in the Apalachicola National Forest, near Tallahassee, Florida, USA (30Њ22Ј N, 84Њ21Ј W). Females approaching the pond were captured in a fence located 5-20 m from the edge of the pond (Murphy, 1993) . To help us follow females, we attached a reflective dot (5 mm diam) to the heads of focal females with tissue cement. Females were placed inside the fence within 2-5 min of capture (median ϭ 3 min); handling involved in capturing and marking females disturbed them only momentarily. We observed females from distances of 3-20 m with binoculars and a headlamp dimmed with a rheostat to the point where the female was just visible. The light used to illuminate females did not appear to disturb them or calling males; this conclusion is further substantiated by data on the distances traveled by females not under direct observation (Murphy, unpublished data) . We followed females until they entered amplexus. During this time, one observer monitored the fence continuously, immediately placing inside the fence any H. gratiosa intercepted by the fence. Once females entered amplexus, we mapped the positions of all calling males; searches were completed within a median of 13.5 min after females entered amplexus (range: 9-21 min). Females were captured, freezebranded to permit identification if encountered later in the season, and released immediately with their mate.
We mapped paths taken by females and the positions of calling males using a polar grid that covered the entire pond and the shore between the fence and the pond. Markers were placed every 0.5 m along the spokes of the grid, whose angular separation was such that, at 25 m from the center of the grid, they were separated by 1 m.
To determine whether the distance to other males affected whether a female mated with the male closest to her, we calculated the extra distance individual females would have had to travel to reach more distant mates by subtracting the distance to each male from the distance between the female's location and the closest male. We used logistic regression to determine whether this additional distance influenced the probability that females mated with the male closest to them. Hosmer-Lemeshow goodness-of-fit tests (Hosmer and Lemeshow, 1989) indicated that a logistic regression adequately fit the data in all tests (all p Ն .25). Sample sizes varied among analyses because not all pieces of information were collected for all females.
Results
The pattern of mate-sampling behaviors was consistent for all 33 females across both years (7 in the first season; 26 in the second). After their release inside the fence, females interspersed short movements between extended periods of sitting, then made a final movement directly to a male and initiated amplexus with that male (Figures 1 and 2) . No female moved to another male after approaching a male closely. The average time between a female's release inside the fence and her initiation of amplexus was 14.8 min (range ϭ 3.5-32.6 min, n ϭ 28), and females spent an average of 83.0% (range ϭ 38.5-98.6%, n ϭ 24) of this time sitting on the shore of the pond. Females traveled a median of 20.5 m from their release point to their mate (range: 8.7-40.3 m, n ϭ 25).
Females contacted their mates after a rapid, final approach (Figures 1 and 2 ). This final movement covered a median of 5.6 m (interquartile range [IQR] ϭ 2.6-8.0; range ϭ 0.4-30.9, N ϭ 21), or 32.0% (IQR ϭ 12.1-53.3%; range ϭ 2.0-84.4%) of the total distance traveled and required a median of only 0.7 min (IQR ϭ 0.3-1.1; range ϭ 0.1-5.7), or 4.5% (IQR ϭ 2.0-11.5%; range ϭ 0.6-48.2%) of the total time between their release inside the fence and mating. Females moved much more rapidly during their final movement (median ϭ 8.1 m/min; IQR ϭ 5.4-11.1; range ϭ 1.5-31.4) than during the rest of their approach to their mate (median ϭ 1.0 m/ min; IQR ϭ 0.7-1.5; range ϭ 0.2-2.3; p ϭ .0001, Wilcoxon matched-pairs signed-rank test). One female was killed by an unidentified turtle as she made her final approach to a male, representing 3.0% of all females observed.
Of the 21 females for which we recorded the positions of all calling males at the pond, 15 (71%) mated with the male that was closest to their release point inside the fence, five females (24%) mated with the second closest male, and one female (5%) mated with the fourth closest male. Sixteen females (76%) mated with the male closest to them at the start of their final movement, four (19%) mated with the second closest male, and one female (5%) mated with the third closest male. For 13 (62%) of the 21 females, the female's eventual mate was the closest male throughout her approach to that male; for the remaining eight (38%) females, the female's mate was the closest male for a median of only 23% of her approach to that male (range: 10.4-97.3%).
We conducted two logistic regression analyses to determine whether the probability that females mated with the closest male was influenced by the additional distance that females had to travel to reach more distant males, measured from the point where females initiated their final movement to their mate. In the first analysis, we used the additional distance to the second closest male, and in the second analysis, we used the average additional distance to the second and third closest males. We chose these two groups because, at the point of initiation of the final move, most females mated with the second closest male, and none mated with a male more distant than the third closest male. To control family-wide error rates, we adjusted ␣ for each analysis using the sequential Bonferroni technique (Rice, 1989) .
The probability that a female mated with the closest male was positively related to the extra distance that she had to travel to reach other males. Females were significantly more likely to mate with the male closest to them at the beginning of their final movement when the additional distance they had to travel to reach the second closest male was greater ( Figure  3a ; logistic regression analysis: b ϭ .393, 2 ϭ 5.21, df ϭ 1, p ϭ .046, ␣ sb ϭ .05, R 2 ϭ .26) and when the average additional distance to the second and third closest males was greater ( Figure 3b ; logistic regression analysis: b ϭ .466, 2 ϭ 6.05, df ϭ 1, p ϭ .014, ␣ sb ϭ .025, R 2 ϭ .38).
Discussion of field observations
Female H. gratiosa did not move from male to male but instead approached closely only one male, their mate. This pattern of movement is similar to that of female painted reed frogs (Hyperolius marmoratus), which also spend relatively little time choosing mates and often mate with the male closest to them at their release point (Grafe, 1997) . Mate choice by female painted reed frogs is also influenced by distance to potential mates (Grafe, 1997) . In contrast, females of several other species of anuran amphibians have been observed approaching more than one male closely before making a choice (e.g., Bufo calamita, Arak, 1988; Uperolia rugosa, Robertson, 1986 ; Physalaemus pustulosus, Ryan, 1985) .
One hypothesis for the lack of movement among males by female H. gratiosa is that females do not sample males but instead orient toward the first male whose calls they can dis-
Figure 2
Cumulative distance moved by females during mate sampling as a function of time spent sampling. Each point represents the median (Ϯ one quartile). For each female, both distance and time were scaled as a proportion of the total, and then the cumulative distance moved by each female at each time decile was plotted.
Figure 3
Probability that females (n ϭ 21) mated with the male closest to them at the start of their final movement as a function of (a) the extra distance to the second closest male and (b) the average extra distance to the second and third closest males. Dots represent these distances for females that mated with the closest male (probability ϭ 1) and those that did not (probability ϭ 0). Lines represent logistic response functions fitted to the observed data.
tinguish from the rest of the chorus during their approach to the chorus (analogous to Parker's [1982 Parker's [ , 1983 passive attraction hypothesis and Forrest and Raspert's [1994; Forrest TG, personal communication] random response rule). Under this hypothesis, females make their mating decisions after perceiving only a single male and thus do not sample more than one male, even though the calls of other males are likely to become detectable as females move toward the male they first detect (Forrest and Raspert, 1994; Parker, 1982 Parker, , 1983 ; see Grafe, 1997, for further discussion).
This initial detection hypothesis can explain why most females mated with the male closest to them at their release point inside the fence and why females were more likely to mate with the closest male when the distance to other males was greater. Because the intensity of a sound decreases with increasing distance between a receiver and the sound source, the calls of males that are closer to a female will, on average, be more intense and hence be more likely to exceed the intensity of chorus sounds than will the calls of more distant males. When males differ greatly in their distances from an approaching female, there will be large differences among males in their detectability by females, and females that approach the first male whose calls they distinguish from the sound of the chorus will be more likely to mate with closer males than with more distant males. However, when males are at similar distances from an approaching female, the conspicuousness of their calls will be determined predominately by differences among the males in call characteristics such as call repetition rate and the intensity at which they produce calls. In this situation, the calls of the male closest to an approaching female may not be the most intense and therefore may not be the first calls the female distinguishes from the rest of the chorus. Thus, females will be less likely to mate with the closest male when distances between neighboring males are small than when males are more widely separated.
In the next section, we present the results of three playback experiments that tested hypotheses suggested by the field data. The first experiment tested whether choice by females is influenced by the distance to potential males. The second determined the intensity that a call must be relative to the background chorus for it to be detected by females. This information was then used to design the third playback experiment, which explicitly tested the initial detection hypothesis.
Influence of distance on mate choice
Methods
To test the hypothesis that the distance to potential mates affects mate choice, we tested each female twice with a choice between two speakers broadcasting synthesized calls differing in their attractiveness to females. In the first trial, the speakers were equidistant from the female's release point, and in the second trial, we doubled the distance to the speaker that she had chosen in the first trial (Figure 4a) . We compared the proportion of females that switched choices between trials in this experiment with the proportion doing so in another experiment in which speakers were equidistant from the release point during both trials. With the exception of having different treatments (speakers moved or not moved between trials) and being conducted in different years, the two experiments were conducted identically.
We used calls that differed in their attractiveness, rather than identical calls, because we wanted to determine whether differences in distance to potential mates could override preferences for call characteristics, a hypothesis that cannot be tested if identical calls are broadcast at different distances.
Results supportive of an overriding influence of distance would necessarily demonstrate that distance affects choice between identical calls. The two calls differed only in fundamental frequency (500 Hz and 550 Hz). We used these fundamental frequencies because previous experiments had revealed a preference for 500 Hz over 550 Hz. Calls were synthesized with custom software (Schwartz J, unpublished data; sampling rate of 20 kHz, 8 bits/sample). Calls lasted 175 ms and had a pulsatile beginning followed by a harmonic series consisting of the fundamental plus the third and fourth harmonic, both of which were attenuated 6 dB relative to the fundamental. Previous results (Gerhardt, 1981) in another population indicated that these calls are as attractive to females as are natural calls. Calls were stored as digital files on the hard drive of a laptop computer and played back from the computer through a Sony XM-3021 stereo amplifier and broadcast from Realistic Minimus 7 speakers. Calls from each speaker were broadcast at a rate of 60 per min, which is slightly above the population average (see above), and calls broadcast from each speaker alternated temporally. The root-mean square (RMS) sound pressure level (SPL, re 20 Pa, fast response, C weighting) of the two choices was equalized at 70 dB at the release point with a Realistic sound level meter. To control for side biases, we switched stimuli between speakers for each female.
We obtained females for playback experiments by collecting pairs in amplexus; females collected from amplexus are as discriminating as are females that have just begun their matechoice process (Murphy and Gerhardt, 1996) . We transported the mated pair to an outdoor playback arena located 0.45 km from the pond, where we separated the female from her mate before testing. The playback arena was located at the intersection of two unpaved roads, lacked any walls, and had a sandy substrate without vegetation.
At the beginning of a trial, we placed the female in an acoustically transparent, hardware-cloth cage. We released the female from the restraining cage after 10 s (i.e., after she heard five repetitions of each call) by manually removing its lid. We observed females using a headlamp dimmed with a rheostat to an intensity at which the female was just visible. We scored a female as having chosen a speaker when she either passed within 10 cm of the speaker or circled it; most females actually contacted the speaker. In natural choruses, a female exhibiting such behavior near a calling male would almost always enter amplexus with that male. We scored a ''no response'' if the female did not leave the release cage after 3 min or if she hopped outside the playback arena. After testing, the female was freeze-branded and returned along with her mate to the pond so that the pair could oviposit.
Results and discussion
The choices of females with respect to fundamental frequency differed depending on the relative distances to the two choices. In the first trial, in which the two speakers were equidistant, 12 of the 15 females chose the 500-Hz call, and 3 chose the 550-Hz call, a significant preference for the 500-Hz call (p ϭ .035, binomial test). In the second trial, in which we doubled the distance to the speaker chosen by the female in first trial, 10 (67%) females moved to the closer speaker (i.e., switched their choice of stimuli between test); the others moved to the more distant speaker (i.e., chose the same stimulus in both trials). The proportion of females switching choices in this experiment (67%) was significantly greater (p ϭ .003, Fisher's Exact test) than the proportion (2 of 16 ϭ 13%) doing so in a separate experiment in which speakers were equidistant from the release point during both trials.
These results indicate that differences among males in their distances from approaching females can override preferences for particular call characteristics, thereby corroborating the observations of female H. gratiosa in natural choruses. Of course, we cannot determine from our results whether females assessed the actual distance to the speakers or other, correlated cues such as call intensity at the female's location. Additional experiments are needed to determine the specific cue that influences female choice with respect to distance.
Relative call intensity required for detection
Methods
To test the hypothesis that females approach the first male they distinguish from the sound of the chorus, we first had to determine the intensity that a call needed to be relative to that of the chorus for the call to be detected by females. We gave females a choice between one speaker broadcasting chorus sounds and another broadcasting the same chorus sounds plus a synthesized male call (Figure 4b ). The chorus sound was a looped segment (10 s) recorded 22 m from a natural chorus of 20-30 males and included calls of cricket frogs (Acris gryllus) and several unidentified insect species. The recording was digitized (22.050 kHz, 16 bits) and placed into both the right and left channels of a SoundEdit16 file; the chorus sound was perfectly correlated in the two channels (i.e., the segments began and ended at the same time and hence sounded exactly the same at any point in time). The synthesized male call was placed into one of the channels at a rate of 60 calls/min, and its RMS SPL was set in SoundEdit16 such that it was, depending on the playback series, ϩ6, ϩ3, 0, or Ϫ6 dB relative to the chorus sounds broadcast from both channels. The RMS SPL of the chorus was set at 64 dB at the release point with a Realistic sound level meter, with that of the male call being 70, 67, 64, or 58 dB, depending on the playback series. For these playbacks, the synthesized call had a duration of 175 ms, with a pulsatile beginning followed by a harmonic series consisting of the fundamental (450 Hz) plus the second through sixth harmonics, which were attenuated relative to the fundamental by Ϫ25, Ϫ20, Ϫ11, Ϫ27, and Ϫ35 dB (these values are similar to the population averages). We chose a fundamental frequency of 450 Hz because this value is close to the population average (Murphy and Gerhardt, 1996) . We used a six-harmonic call, rather than a three-harmonic call, because male calls consist of six or more harmonics and because two-choice playbacks conducted after the distance experiment described above indicated that females preferred the six-harmonic call (21 females) over the three-harmonic call (9 females, p ϭ .043). To control for side biases, we alternated between females which speaker broadcast the male call. Playback equipment and testing procedures were the same as those described above, except that we amplified calls with a Kenwood KAC-606 stereo amplifier and held females in the restraining cage for 30 s after playback commenced. We used longer wait times in this experiment because females had to discriminate calls from chorus sounds and may therefore have needed more time for initial assessment of calls than did females in the distance experiment.
Results and discussion
Females were able to detect a call whose RMS SPL was at least 3 dB greater than the chorus background (Table 1) . These results are similar to those from two-choice playback experiments with other species of hylid treefrogs. Gerhardt and Klump (1988) found that female Hyla cinerea could detect a male's call when the call's RMS SPL was equal to that of the background chorus sounds but not when the call's RMS SPL was 6 dB less than the chorus sound. Wollerman (1999) found that female H. ebracatta could detect a male call when its SPL was 3 dB greater than the background chorus sounds but not when the call was 1.5 dB greater than the chorus sound.
Test of the initial detection hypothesis
Methods
Having determined the relative intensity necessary for calls to be detected above the sound of the chorus, we were able to design an experiment to test directly the hypothesis that females approach the first male they distinguish from the rest of the chorus. We conducted three series of playbacks in which we gave females a choice between two synthetic calls, each played from a separate speaker, that differed only in whether, at the female's release point, they were detectable above the sound of a chorus, which was broadcast from a third speaker ( Figure 5 ). In series 1, the RMS SPL of calls broadcast from a speaker located 8 m from the release point was 3 dB greater than the chorus sound at the release point; females were thus able to detect these calls at the release point. In contrast, calls broadcast from a speaker located 4 m from the release point had the same RMS SPL as the chorus sound at the release point and were thus not detectable. If females approach the first male they distinguish from the rest of the chorus, then females in this series should move to the 8-m speaker more often than to the 4-m speaker. Calls from the 4-m speaker would become detectable once females moved about 2 m from the release point ( Figure 5 ) and would therefore become detectable to a female moving toward the 8-m speaker. However, if females choose the first male they distinguish from the chorus, then they should continue on to the 8-m speaker, even after they have detected calls from the 4-m speaker.
In series 2 and 3, the SPL of calls from both speakers were at least 3 dB greater than the chorus sound at the release point, and thus calls from both speakers were detectable at the release point. In series 2, the intensities of calls from the two speakers were identical at the release point (3 dB above the chorus sounds), whereas in series 3, calls from the 4-m speaker were, at the release point, 9 dB greater than the chorus sound and 6 dB greater than the calls from the 8-m speaker. If females approach the first male they distinguish from the sound of the chorus, then females in the series 2 and 3 should move to the 4-m and 8-m speakers equally often because, in both series, calls from both speakers were detectable at the release point. The fact that calls from the two speakers differ in intensity at the release point in the third series should not influence the decisions of females under this hypothesis; if females do move to the speaker whose calls are more intense at the release point, then the initial detectability of a signal cannot have been a choice criterion. All three playback series were required to fully test the initial detection hypothesis. In the first series, calls from the 8-m speaker had a higher intensity at their source and at the release point than did calls from the 4-m speaker. Hence, a preference for calls emitted from the 8-m speaker in this series would be consistent with both the initial detection hypothesis and choice based on intensity. The second and third series allowed us to distinguish these alternatives. If females base their choice on intensity of calls at the release point, then they should exhibit no preference in series 2 but should prefer calls played back from the 4-m speaker in series 3. If females base their choice on source intensity, they should prefer calls from the 8-m speaker in series 2 but exhibit no preference in series 3.
The single speaker we used to broadcast chorus sounds did not accurately mimic a natural chorus, in which each male is a separate sound source and males are distributed at various distances and angular separations from an approaching female. However, our design was adequate for testing the hypothesis in question. The arrangement of the speakers mimicked a situation in which two males called from the side of a pond nearest an approaching female, with the rest of the chorus on the opposite side of the pond. In such a situation, which does occur in natural choruses, females choosing the first male they distinguish from the sound of the chorus should have no difficulty choosing between the two speakers in a manner consistent with this tactic.
We used the same looped segment of chorus sounds and the same synthetic call as in the experiment that determined the relative intensity necessary for a call to be distinguished from the chorus sounds. Calls were output from a laptop computer and amplified with a Kenwood KAC-606 stereo amplifier, whereas chorus sounds were played back from a Sony WM-DC6 cassette recorder and amplified with a Sony XM-3021 stereo amplifier. All sounds were broadcast from Realistic Minimus 7 speakers. We followed the same procedures for testing females as describe above. We had no difficulty distinguishing between females that chose the 4-m speaker and those that passed close to this speaker on their way to the 8-m speaker. To control for side biases, we alternated the sides of the arena in which we placed the 4-m and 8-m speakers.
Results and discussion
Females did not prefer the call that was initially distinguishable from the sound of the chorus over the call that was not (Table 2) . When both calls were distinguishable at the release point, females exhibited a preference if the SPL of one of the calls was 6 dB more intense than that of the other at the release point, but they did not exhibit a preference if both calls were of equal intensity at the release point (Table 2) .
These results refute the initial detection hypothesis. The lack of preference for calls emitted by the 8-m speaker in series 1 indicates that female H. gratiosa do not choose the first male whose calls they can distinguish from the rest of the chorus. The lack of a preference in series 2 is consistent with this hypothesis, but the strong preference for calls broadcast by the 4-m speaker in series 3 is inconsistent with the lack of preference predicted by this hypothesis.
Preferences based on distance and source intensity cannot explain the results of the three-speaker experiments. Females did not prefer calls broadcast by the 4-m speaker in all three series, as would be expected if choice were based solely on distance to calling males. Females did not prefer the 8-m speaker in series 1 and 2, as would be expected if females based their choice solely on the intensity of calls at their source. Furthermore, females in series 3 exhibited a very strong preference for calls broadcast from the 4-m speaker over calls from the 8-m speaker, even though the intensities of calls broadcast from the two speakers were the same at the source.
Preference for higher relative intensity among detectable calls may explain the results of the three-speaker experiments. This hypothesis is supported by the lack of preference in series 2, in which calls from the two speakers were of equal intensity at the release point, and by the strong preference in series 3 for the 4-m speaker, whose calls were more intense at the release point than were the calls from the 8-m speaker. At first glance, the results of series 1 do not appear to support this hypothesis because females did not exhibit a preference for the calls played from the 8-m speaker; these calls were more intense at the release point than were calls played from the 4-m speaker. However, in this series, females were unable to detect calls from the 4-m speaker at the release point. Initially, females may have headed for the 8-m speaker, which broadcast calls that females could detect at the release point. As they moved in the direction of the 8-m speaker, some females may have switched to the 4-m speaker when calls from this speaker became distinguishable from the sound of the chorus. Females may have switched to the 4-m speaker at this point because calls from that speaker may have been more intense at the female's location than calls from the 8-m speaker ( Figure 5 ) or because the 4-m speaker was closer to females than the 8-m speaker at that location. Our records of the paths of females during playbacks were not precise enough to allow us to test either of these hypotheses.
GENERAL DISCUSSION
The results of the three-speaker playback experiments refute the initial detection hypothesis, thereby ruling out a lack of sampling as an explanation for the behavior of female H. gratiosa in natural choruses and implicating, by default, comparisons of potential mates. Based on the behavior of females in natural choruses and the outcome of playback experiments in this and previous studies, we hypothesize that females use a sampling tactic that involves simultaneous assessment of males from a distance. We suggest that females approach the chorus, move to one or more locations where they can assess several males simultaneously, choose a male, and approach that male directly.
This hypothesis is consistent with the behavior of females in natural choruses. Females sat for much of the time during their approach to their mates (Figure 1) . We interpret the period of sitting that occurred immediately after release of females inside the fence (Figures 1 and 2) as a response to handling, but subsequent periods of sitting could be periods of assessment of males. During periods earlier in their approach, females may have assessed the chorus as a whole, choosing a general portion of the chorus or a subgroup of males to approach more closely. Later periods of sitting, especially those that occurred immediately before the final movement to a mate (Figures 1 and 2 ), may represent a period during which the female chooses a mate from among the males she can detect at her location. It is likely that, at this point, females assess relatively few males because the females we observed did not mate with a male more distant than the third closest to them at the beginning of their final movement.
Simultaneous sampling from a distance can also explain why females are more likely to mate with the closest male when the distance to other males was greater. If one male is much closer than others at the point where a female makes her decision, then the cost of traveling to more distant males (e.g., predation risk) may more than offset any gain in male quality (as indicated by call characteristics). However, if several males are nearby, then the benefit of selecting a higher quality male may more than compensate for a slight increase in travel costs.
Similar arguments can be made if females base their choice of mates on relative call intensity at the point of sampling, as suggested by the three-speaker playbacks. When some males are substantially closer than others to an approaching female, there will be large differences in the intensities of their calls at the female's location, and females will be likely to mate with the closest male. However, when males are at similar distances from an approaching female, then differences among males in call intensity at the female's location will be determined predominately by differences among the males in the intensity at which they produce calls (i.e., source intensity). The calls of the closest male will therefore not always be the most intense at the female's decision point, and females will sometimes mate with more distant males.
We did not record the calls of males while females were choosing mates in natural choruses, so we are unable to determine which call characteristics might be important to females choosing mates under these circumstances. However, females exhibit clear preferences for a number of call characteristics in two-choice playbacks (Gerhardt, 1981; Gerhardt, 1996, 2000; Oldham and Gerhardt, 1975) , and these preferences are relative, with the attractiveness of a call depending on the alternative with which it competes (Gerhardt, 1981; Murphy and Gerhardt, 2000) . Relative preferences are consistent with the hypothesis that females sample males simultaneously and choose the best individual from a group of males.
Our working hypothesis is that females sample males simultaneously from a distance and incorporate into their decisions both the characteristics of male calls and the distance to potential mates (or correlates of distance such as call intensity). Additional experiments, which are in progress, are needed to test this hypothesis explicitly; the three-speaker experiments presented above were designed to test the initial detection hypothesis and not to demonstrate simultaneous sampling. We predict that differences in call rate are especially likely to mediate female choice. Not only do females show directional preferences for higher call rates in quiet conditions (Murphy and Gerhardt, 2000) , but, all things being equal, calls with a high repetition rate should be more detectable in noisy conditions than calls with a low repetition rate (e.g., Grafe, 1997) .
Although most discussions and models of mate-sampling tactics have focused on sequential sampling tactics (see Forrest and Raspert, 1994 for a notable exception), simultaneous sampling may be common in lekking or chorusing species, as females of these species have the opportunity to compare simultaneously the signals of several males (e.g., Gibson, 1996; Rintamäki et al., 1995; Trail and Adams, 1989) . In fact, when attempting to determine the sampling tactics used by females of such species, it may be critical to include simultaneous sampling in the list of alternatives. Movement among potential mates is usually taken as evidence of mate sampling (Gibson and Langen, 1996) , and lack of such movement as evidence of lack of sampling (e.g., Arak, 1988) . However, the absence of movement among males rules out only sequential sampling of males; it is entirely consistent with simultaneous sampling. Thus, failure to consider simultaneous sampling may lead to the erroneous conclusion that females do not sample males and thus do not exhibit mate choice. For example, Arak (1988) concluded that female natterjack toads (Bufo calamita) that mated with the first male they approached closely (21 of the 41 females observed) did not sample mates. However, it is possible that these females sampled several males simultaneously from a distance. Given that lekking and chorusing species have been the focus of much of the theoretical and empirical research in sexual selection (Andersson, 1994; Kirkpatrick and Ryan, 1991) , further theoretical and empirical work on simultaneous sampling is likely to enhance our general understanding of sexual selection.
Further theoretical treatment of simultaneous sampling is also needed because the perceptual and economic problems faced by females differ for sequential and simultaneous sampling. Females sampling sequentially need to process the signals of only one male at a time, whereas females sampling simultaneously must extract information about individual males from a noisy background (e.g., Gerhardt and Klump, 1988; Römer et al., 1989; Schwartz and Gerhardt, 1989) . For sequential sampling, the number of males sampled is expected to decrease as the cost of sampling each male increases (Real, 1990) . However, for simultaneous sampling, the extent of sampling is unlikely to be limited by the cost of sampling each additional male because this cost will be low (as females do not move between males). Instead, the extent of sampling is more likely to be limited by the perceptual abilities of females to distinguish males from the background noise. For sequential sampling, the major economic decision facing fe-males is to balance the improvement in mate quality with the cost of additional sampling (Real, 1990) , whereas females sampling simultaneously must balance improvement in mate quality with the cost of reaching males.
